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(54) CnOCOB HEHHBA3MBHOfO OnPEflEJlEHMfl KOHI4EHTPAI4MM !71K)K03bl 



(57) Pe<t>epaT: 

M3o6peTeHne othochtch k o6nacTM 

MeAML^MHbl, a MMeHHO K HeU HB33M BHOMy 
MOHMTOpiiHry KOHUempaLJMH r/lK>K03bl B KDOBM 

MenoBeKa. OnpeAenaioT KOHLjeHTpaqwo mK>K03bi 
b KpoBH c nowoinbio M3MepMTenbHoro 
. ycTpoftcTBa, npn stom npoBOAflT HenpepbiBHbiB 

MOHMTOpMHr KOHL^BHTpa HM M rJllOK03bl B KpOBM 

nyieM n3MepeHM« b o6nacTM noBepxHOCTHbix 
BeH ronoBbt TennoBbix noTOKOB ^aTHMKOM 
M3MepnTenbHoro ycTpotfcTBa, a KOHi^eHTpauMto 
rnioK03bi (Xg*) onpeAen«K)T no cfjopMyna 
X g =Xi*+x 2 * l r A e X^= W^W 
X 2 *=K n W m (s)Xn*, tab X T * - 6e3pa3MepHoe 
oTKnoHeHwe TeMnepaTypbi ot ycrraHOBMBUjerocn 
3HaneHvi«, X n* - 6e3pa3MepHoe otkxiohghm6 
TenjTOBoro noTOKa ot ycTaHOBMBLuerocn 



3HaHeHMfl, W- m (s)=1/(TynS+1) - nepe A aTOHHaH 
4>yHKHnn KOHt^eHTpai^Hd mKwosbi b KpoBti no 
TewinepaType m TennoBOMy noTOKy, Tyn - 
3KcnepnM6HTanbHO onpeA©nfleMafl nocroHHHafl 
BpeMeHM nepexoAHoro npoLjecca, Kn 
3KcnepnMeHTanbH0 onpeAenaeMbifi 
6e3pa3MepHbift ko 34x£>m ljh eHT, s=d/dt - onepaTOp 
AM(ictjepeHLinpoBaHn«. B KasecTBe astmhkob 
TeMnepaTypbi ncnonb3yioT Z - TepMwcTopbi, 
KOTopbie npn)KHMaK)T k noBepxHocTM ronoBbi c 
noMoujbK) ynpyroro snewieHTa m M3onnpyK)T ot 
BHeaiHeM cpeflbi TermoBofl M3onflL^ieM, a 
cnrHajiM3ai4MKJ 0 KOHL|eHTpat4MH rnraxosbi 
ocymecTB/wwT c noMO^bio TOHaribHoro cwmana 
n Ancanea. Cnoco6 o6ecneMHBaeT noBbitueHtte 
tomhoctm onpeAeneHMfl KomjeHTpaqiivi mK)K03bi 
b KpoBM. KpoMe Toro, oh npocT b ncnonHeHMM. 
2 s.n. cjwibi, 2 mji., 2 Ta6n. 
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(54) METHOD FOR DETERMINING GLUCOSE CONCENTRATION IN NONINVASIVE WAY 



(57) Abstract: 

FIELD: medicine. SUBSTANCE: method 
involves determining blood glucose 
concentration by means of measuring 
instrument. Continuous blood glucose 
concentration monitoring is carried out by 
measuring heat flows in the area of head 
superficial veins by means of measuring 

instrument transducer. Glucose concentration 

((X9)) is calculated from a formula = X1+X2, 

where XT = WtmMX*. xi = K ht W Thf (s)XS„ 

where Xf - the dlmensionless temperature 



from steady 
dimensionless 



state 
heat 



value, Xw 
flow deviation 



the 
from 



steady state value, W T hf(s) = Wm x S+1) is 
the transition function of blood glucose 
concentration with respect to temperature 
and heat flow, T Thf is the experimentally 
stated transient process time constant K M is 
the experimentally stated dimensionless 
coefficient, s = d/dt is the differentiation 
operator. Z~ thermistors are used as 
temperature pickups pressed against head 
surface by means of elastic member and 
insulated from ambient space by means of 
heat insulation members. Glucose 
concentration information is represented by 
means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 
c!,2dwg.2tb! 
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H3o6peTeHMe othocmtca k o6nacTM 

MeAHL^MHbl, a MM8HH0 K HeHHBa3MBHOMy 
MOHMTOpHHPy KOHUeHTpaLtMM [71IOKD3W B KpOBM. 

B HacTonu^ee BpeMfl c uienbio AMamocTMKM 
caxapHoro nv\a6eia onpeAenn»OT KomjeHTpaijMK) 
rmoK03W b kpobm nenoBeica nw6o nyTeM 
npOBefleHMfl 6noxnMMMecKoro aHanM3a 
HeKOToporo KonMMecTBa b3htom y nai^MBHTa 
KpOBu b ycnoBUHx KJiMHMMecKOM naoopaTopMM, 
jim6o c noMomwo npMOopa mK>K0M©Tpa, 
cHaSweHHoro MyBCTBMTenbHOM* k rntoKrce kpobm 
TecT-nonocKoft c noMemeHHOM" Ha nevi Kannefl 

KpOBM nai^MeHTa (MHB3 3M BH WM mgtoa) (JIT. 
Ma30Bei^KMM, B.K. BenMKOB. CaxapHWM fluaSeT, 
M.: MeflML|MHa, 1987). Ha ocHOBaHMM 
pe3ynbTaTOB onpeAeneHMH koh L\eHTpai4M 11 

r/lK)K03bl B KpOBH ynOMHHyTbIM MeTOflOM 

AnarHOCTupyioT caxapHbJM Ana6er. 

3tot MeTOA ocHOBaH Ha hoo6xoam moct m 
3a6opa KpOBM y nai^neHTa. 

H3BecTeH cnocoo* Ann HenHBa3MBHoro , 
onpeAeneHUfl r/iK>K03bi b Macrox nenoBeqecKOK) 
Tena (naTem CUJA 5.795.305 ot 18.08.98 US 
Class 60/549; 600/316). Cnoco6 ocHOBaH Ha 
onpeAeneHUM c noMomwo M3MepMTenbHoro 
ycTpoficTBa TeMnepaTypw m TennoM3nyHeHMn 
MenoBenecKoro Tena (Ha noBepxHocrw m b 
nonocrnx Tena) m nannHMM KoppertRi4MH Me>KAy 
KOHi^eHTpai^MeM rnt0KO3bi b kdobm m 
TewnepaTypofl Tena. CooTBeTCTBytomMfi 
anropwTM no3BonaeT npeo6pa30BaTb AaHHwe, 
nonyMeHHbie npn H3MepeHMM TeMnepaTypw, b 

3HaMeHMfl KOHL\eHTpaL4HH rnK)K03bl B MacTflX 

MenoBenecKoro Tena m b kdobm. 

HeAOCTaTKOM stoto cnoco5a ABnaeTcn 
HeAOCTOB epHOCTb onpeAeneHun TeKymefi 
KOHi^eHTpai^nH mK)K03bi b kdobm MenoBeKa. B 
nepByio onepeAb, sto CB«3aH0 c 
wcnonb30BaHMeM (fceHOMeHonorvmecKM He 
ooocHOBaHHoro anropwTMa cb*3m AMHaMMMecwx 
napaMBTpoB MSMepeHMH - TeMnepaTypw, 
TennoM3nyMeHwn m KOHLjeHTpaLjMM rnraK03w, 
ocHOBaHHoro Ha ycTaHoaneHMM KoppennLiMOHHbix 
3a b mcm m ocTew nepeM6HHb>x na 6a3e nviHeftHoro 
perpeccMOHHoro aHann3a. 3tot anropnTM He 
onwpaeTca Ha MaTeMaTunecKyio MOAenb 
yrneBQAHoro o6MeHa, He ynMTWBaeT bhhrhmr 

MHAMBMAyanbHbDC (fjaKTOPOB Ha MSMeHeHMH 

TeMnepaTypw. AnropMTM cBH3biBaeT Tonbra 
TeKymyK) koh i^eHTpa 14M ko rniOK03bi b kpobm c 
TeKymefi TeMnepaTypofi m He nosBonaeT 
ocymecTsnaTb ynpexcAajomyio cnmann3ai4MK> 06 
onacHbix KOHijeHTpaijMRX rnjoKoaw b kdobm. 
Kdomo Toro, b yKa3BHHOM cnocooe m anropMTMe 
BbiMMcneHnii He M3MepfleTcn m He Mcnonb3yeTcn 
KOHAyKTMBHbi^ noTOK Tenna ot Tena nenoBeKa. 

HaM6onee 6nM3KMM aHanoroM (npoTOTMnoM) 
RBnneTcn cnoco6 HeMHBa3MBHoro M3MepeHM» 

KOHL\eHTpaqMM TMOKDSbl B KpOBM, 

npeAycMaTpMBaKHiiMft o6nyneHMe KpoBeHocHbix 
cocyAOB KonnMMMpoBaHKWM M3nyMeHMeM 
nonynpoBOAHMKOBoro nasepa, b koto pom 
pemcTpMpyioT nornoujeHHoe, paccenHHoe m 

AMCjx|)y3MOHHO OTpaweHHOO KDOBWO M3nyMeHM8 
M3MepMTenbHWM yCTDOMCTBOM, BKnKWatOLAMM 

6noK MHTerpat^MM, AQTetrrop, noAKnKweHHWM" k 
aHanoro-L(M0poBOMy npeo6pa30BaTenK), 
AMcnneft m AP> (RU 2122208 C1, 101. 6 01 N 
33/49, A 61 B5/00, n.20.11.98). 

H3BecTHbiM cnoco6-npoTOTMn no3BonneT 

OCymeCTBAHTb HeMHBa3MBH06 M3MepeHMe 

KOHi^eHTpai^MM rnioK03bi b kdobm, mto ABnaeTcn 

HeCOMHBHHWM AOCTOMHCTBOM, HO MMBBT p«A 

HeAOCTaTKOB: 

1) OTnMMaeTCfl CnO>KHOCTbfO KOHCTpyKl^MM 
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Mcnonb3yeMoro ycrpoftCTBa m cno>KHocTbK> era 
npMMeHeHMn; 

2) He no3Bon«eT AOCTMMb >KenaeMOM 

TOMHOCTM npM M3MepeHMM KOHL^eHTpai^MM 

rnK)K03u b kdobm; 

3) He no3BonneT ocymecTBnnTb 
ynpe>KAajou4yK) CMmanM3ai4MK) 06 onacHbix 
HapyiueHMflX yrneBOAHoro ooMena - noporoBbix 

nOBbllUeHMM MnM nOHM>KeHMM KOHHeHTpaqMM 

rnK)K03bt b kdobm; 

4) He no3BonneT ocyinecTBn«Tb 

HenpepblBHblff MOHMTOpMHr KOHLjeHTpaLJMM 
mK>K03W B KpOBM. 

3aAaMefl npeAnaraeMoro M3o6peTeHM« 
siBnneTcn cosAaHMe HenHsasnBHoro cnoco6a 
onpeAeneHMn K0Hi4eHTpai4MM rnK)K03bi b kdobm, 

KOTOpbIM n03B0nfleT nOBbiCMTb TOMHOCTb 

onpeAeneHMH, ocyiAecTBnflTb Henpepws hwm 

MOHMTOpMHf KOHI^eHTpai^M M I71>0K03W B KpOBM, 

ocymecTBnflTb ynpe>KAaKHnyio CMmanM3ai^MK) 06 
onacHwx HapyiueHMnx yrneBOAHoro o6MeHa - 

noporOBbDC nOBWLUBHMM MnM nOHM)KeHMM 

KOHi^eHTpai^MM rnioK03w b KpoBM, m 6yAeT 

OTnMMaTbCfl npOCTOTOM M HaAe)KHOCTbK). 

PeujeHMe nocTaBneHHO« 33A3MM AocTMraeTcn 
npeAnaraeMbiM cnocoooM HeMHBa3MBHoro 
onpeAeneHMn KOHi^eHTpai^MM rnK)K03bi b kdobm, 
BKnK>HaioiAMM Mcnonb30BaHMe MSMepMTenbHoro 
ycTpOMCTBa, b KOTopoM npoBOA?iT HenpepwBHbtM 

MOHMTOpMHr KOHl^eHTpaLJMM mK0KO3W B KpOBM 

nyTBM M3MepeHMn b o6nacTM noBepxHOCTHbix 
Ben ronoBw TeMnepaTypw Tena m KOHAyKTMBHbix 
TennoBbix noTOKOB c noMOt^bio AaTHMKOB 
M3MepMTenbHoro ycTDOMCTBa, a KOHLieHTpai^M \o 
rniOK03bi (X*g) onpeAen5?K)T no c|xDpMyne: 

r A e JCfWrn^T, X* 2 =KnW T n(s)X*n, 

tab X*t - 6*e3pa3MepHoe OTKnoHeHMe 
TeMnepaTypw ot ycTaHOBMBUjeroca 3HaMeHMn, 

X*n - 6e3pa3MepHoe OTKnoHeHMe TennoBoro 
noTOKa ot ycTaHOBMBiuerocfl sHaneHMn, 

Win(s) = 1/(TTnS + '') - nepeAaTOHHan 4>yHKi^M« 
KOHueHTpai4MM rntOK03W b kpobm no TeMnepaType 
m TennoBOMy noTOKy, 

Kn - SKcnepMMeHTanbHO onpeAenneMbiM 

6e3pa3MepHWM KOSCfX^Ml^MeHT, 

s=d/dt - onepaTop AMc|xt)epeHi^MpoBaHMfl, 
Trn - 3KcnepMMeHranbHo onpeAertneMa« 
nocTORHHan BpeMBHn nepexoAHoro npoi_(ecca. 
B KanecTBe flaTHMKOB TeMnepaTypw 

MCnOnb3y»OT Z-TepMMCTOpW, KOTOpWe (JjMKCMpyiOT 

Ha noBepxHOCTM ronoBbi c noMOiAtto ynpyroro 
sneMeHTa m M3onMpyK>T ot BHeutHeM cpeAW 
TennoBo^ M3onni^Me«. 

CMmanM3aL4Mio p KOHi^eHTpai^M m rn»OK03bi 
ocyiAecTBnntOT c noMotubw TOHanbHoro cMmana 
m Aucnnea. - 

npeAnaraeMbiM cnoco6 6bin pa3pa6ojaH Ha 

0CH0B9 TOOpeTMHeCKMX M 3KCnepMM6HTanbHblX 

MCcneAOBaHMfl npoi(ecca 6m oxm m m HecKoro 
npeBpau^eHMn rntoK03W b kdobm MenoBeKa c 
noMOLAbio M3MepeHMM TeMnepaTypw m TennoBbix 
noTOKOB B6nM3M ronoBHoro M03ra b o6nacrM 
noBepxHOCTHbix sen ronoBw, to ecTb b o6nacT«x 

M3KCM ManbHO npMSflMKeHHbDC K 

SHepreTMHecKOMy McroMHMKy MHTeHCMBHoro 
6MoxMMMHecKoro npeBpaiAeHMfl rnK)K03w - 
ronoBHOMy M03ry. B ocHOBy stmx MCcneAOBaHMM 
6binM nonoweHw MSBecTHbie 

4>eHOMeHonorMMecKMe npeACTaBneHM« 06 
onpeAen«KXneM f ponM L^eHTpanbHofi hopbhom 
cMcreMw b ooecneMMBaioLAeM H6o6xoammwA 

yDOBeHb aKTMBHOCTM O&MeHHbDC npoL\eccoB 

ynpaBneHMM MeTa6onM3MOM KneTOHHWX 
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o6teMOB . BHyrpeHHMX opraHOB Tena 
nocpeflCTBOM perynvipoBaHMn nHTeHCMBHOcm 
rnK>K03Horo o6Mena h TeMnepaTypw npoTeKaHHfl 

6MOXMMMMeCKMX npeBpaiHeHMM mJOK03bl B 

opraHM3Me MenoBera m, b MacTHOCTM, b era 
ro/ioBHOM M03ry (r.YnbMep, O.BanbfleK, O.rapT, 
RTeBC. On3Monorvia nenoBeKa. - M.: Mvip, 
1986, t.4, 312 c). Cbjwm 3TMX npoijeccoB 

MO)KHO npeACTaBMTb B BMA© <J>yHKtlMOHanbHOH 

cxeMW (cm. 4>nr.1). npM stom npeAnonaranocb, 

LfTO 3aflaHHOe l^BHTpa/lbHOM HepBHOfi CMCTeMOfi 
3HaM6HM6 KOHljeHTpaLlM M l71IOK03bl B KDOBM 

ycTaHaBfiMBaeTCH no oKOHMaHMM cBOMCTBeHHoro 
6o/ibiuMHCTBy AMHaMUMecKMX xapaKTepucrwK 
opraHM3Ma MenoBeKa anepMOflvmecKoro 
nepexoflHoro nponecca . (K);F.Ahtomohob, 
C.M.KeqbopeHKO, HAMMKynbCKaa, 
H.K.napoKOHHan. MaTeMaTMMecKa* Teopun 
cudeMbi caxapa KpoBM. - Kmbb: HayKosa flyMKa, 
1971, rn. 2, SneMeHTW Teopnn, c. 15-26. ). 
npM npoBefleHMM MCcneflOBaHM^ npuMeHeHa 
KOMnbioTepHaa o6pa6oTKa . nonyMaeMwx 
3KcnepnMeHTajibHbix ashhwx ahr Haxo>KAeHMfl 
B3anMocBa3H T3KHX napaMeTpoB npoijecca, KaK 
3HaMeHM« TeMnepaTypw, TennoBoro noTOKa, mx 
npoM3BQAHboc w BpewieHHoro CMemeHHfl 
AMHaMMMecKnx 3HaMeHMM TeMnepaTypbi n 
KOHL4eHTpai^MM rniOK03bi B KpoBM npn 
nepexoAHbix npoijeccax. 

ripMHUiinvianbHbiM pe3ynbTaTOM 
npoBeAeHHbix MccneAOBaHMfl. HBnaeTca 
o6Hapy»(eHMe qtyHKUMOHa/ibHofi cb*3m 

KOHLteHTpai4HM miOK03bl B KpOBM G c 

TeMnepaTypoR T, TennoBWM noTOKOM F npw 
BwpewceHHOM npo«BJieHnn npumjvina 
ynpe>HAax>u^ero ynpaB/ieHna, pe3ynbTaTOM 
KOToporo HBnaeTca onepewaiomee M3MeHeHMe 
TepMvmecaoix napaMBTpoB npn 

COOTBeTCTByiOLHeM M3MeHeHMM ypOBH« 

KOHi^eHTpaMMM mioK03bi b kpobm: 

tab x- BpeMfl onepeweHMR Ha ochobb 
3KcnepnMeHTajibHoro o6cheAOBaHHfl naqneHTOB 
ycTaHOBneno, mto BenuMMHa x cocTaBnaeT 
nopRAxa 10-30 MMHyT m 3TO 03HaHaeT, mto 
npeAnaraeMH* cnoco6 no3BonaeT c BpeMeHHbiM 
onepercemieM 10-30 MMHyr nporH03MpoBaTb 

M3MeHeHMe KOHljeHTpai4MM mK5K03bl B KPOBM M 

cnrHann3MpoBaTb o npn6nn>KeHMM onacHwx 
coctohhmm rnioK03Horo ooMeHa. 

Bbinb ycraHOBJieHO, mto M3MepeHne 
TepMMMecKnx napaMeTpoB b ooriacTM rbnoBHoro 
M03ra (b o6nacTM noBepxHOCTHbix boh rbnoBbt) B 
oTnuMMe ot M3MepeHM& b Apyfiix MacrRX 
MenoBBMecicoro Tena Raei 6onee AOCTOBepnyjo 
MHqbopMaijMio, TaK KaK npM stom ycTpaHfleTcn 
AononHMTenbHoe Bmmue Ha pe3ynbTaTW 
M3MepeHMM cno>KHbix 6noxnMMMecKMX npoijeccoB 
npeo6pa30BaHMM oenicoB w hcmpob: 

B pe3yjibfaTe npuweHeHMfl cnoco6a 6bino 
o6Hapy*eHO BnnHHwe Ha M3MepaeMbie 
TepMWMecKMe napaMeTpw HeKOTopbix 
MHAMBMAyanbHbix cJjaiaopoB (o6mnft TOHyc 
opraHM3Ma nauMeHTa, ncuxdnoniMecKoe v\ 
q*5M3MMecKoe HanpjDKeHwe, HanpflKeHHbiw 
MbicnMTenbHbift npoL^ecc, Hanp»KeHHOCTb 
cnyxoBwx n 3pwTejibHbK ueHTpoB ripw 

MHTeHCMBHOM BOCripMJTTMM MHqbOpMai^HH V\ T.n.). 

J\m yMeTa noAoGHbix qbaKTopbB ripn BbNucneHHH 
KOHi^e HTpai^M m rnK>K03bi kdobm npoBOAnnacb 
npeABapMTenbHan nepcoHanbHafl Ka/in6poBKa 
ydpoMCTBa Afi* KOHKpeTHoro nai^neHTa c i^enbK) 
ycTanoBneHMq cooTBeTCTByroiAMx nocToaHHbix 
a/iropwTMa, yHMTbiBaioinnx m ham b h AyanbHoe 
BnnsHMe yica3aHHbtx qbaKTopoB Ha pe3ynbTaTW 



onpeAeneHMfl KOHHeHTpaLjMW rn»OK03bi b kdobm. 

flnn AOCTOBepHoro npeo6pa30BaHwn 
M3MepeHHbix BenMMMH TeMnepaTypw m TennoBoro 
noTOKa b 3HaMeHM« KOHi^eHTpai^MM rnK)K03W 
kpobh MenoBeKa pa3pa6oTaH qbyHKUHOHanbHWM 
5 anropniM G= ^(T, F, Wj), nocTpoeHHw^ Ha 

OCHOBB c£yHKLlMOHanbHbfX CBJ13eft, 

onpeAen«eMWX B pe3ynbTaTB peujeHwa cucTeMbi 
AMqbqbepeHUManbHbix ypaBHeHM^, onwcwBa»oii;MX 
AMHaMMKy paccMaTpuBaeMoro npoqecca c 
10 yneTOM MHAUBMAyanbHbix qbajaopoa (Wj), 
BnnnHne KOTOpwx onpeAenflfOT Ha ochobb 
nepcoHanbHOM KanM6poBKM CMCTeMW M3MepeHMJi 
Ann KOHKpeTHoro nat^eHTa c ncnonb30BaHneM 

MHB33HBHblX MeTOAOB H npHOODOB, nDOBOAHMOM 

c i^enbio onpeAeneHM* 3aBMCMM0CTeR ot 
15 BpeMeHU TeMnepaTypw, TennoBoro noTOKa m 
KOHqeHipai^MM rmwosw b kpobh, Heo6xoAHMbix 
Ann nocTpoeHHfl 0yHKi^iOHanbHoro anropMTMa. 

CwcTeMa AHctxJjepeHqManbHbix ypaBHeHMM 
AMHaMUKM npoi^eccoB M3MeHeHMfl TeMnepaTypw, 
TennoBoro noTOKa h KOHL^eHTpai^nw rnK)Kb3w 
20 kpobh b o6meM BMAe MO>KeT 6wTb npeAcraB/ieHa 
KaK 

X*g=X* 1 +X^ 2 , 

rAeX* 1 =W T n(s)X* T , 
X* 2 =KnW T n(s)X*n, 
25 X* g = AXg/Xgo - 6e3pa3MepHoe oTKnoHeHHe 

KOHUeHTpaLlHH m»OK03bl B KpOBH OT 

ycTaHOBMBUierocj? 3HaMeHHR, 

X* T = aXt/Xto - 6e3pa3MepHoe oTKJioneHne 
TeMnepaTypw ot ycTaHOBMBiuerocfl 3HaMeHnn, 
W X* n = AXn/Xno - 6e3pa3MepHoe onoioHeHne 
TennoBoro noTOKa ot ycTanoBMBUjerocfl 

3HaMeHHfl, 

Xg 0 , X T0 , Xno - ycraHOBHBUJHecfl 3HaseHMH 

COOTB6TCTBeHHO KOHl|eHTpai4HM mK)K03W KDOBM, 

TeMnepaTypw m TennoBoro noTOKa Tena: 
35 AX g =X g -X g0> AX T =X r X T o. AXn=Xn-X no . 

Xg, X T , Xn - TeKyiAMe sHaneHMfl 
KOHi^eHTpaqMM rnK)K03w b KpoBM, TeMnepaTypw m 
TennoBoro noTOKa, 

W T n(s)=1/(TTns+1) - nepeAaTOMHa* qbyHKMMfl 
40 KOHLieHTpai^MM rnK)K03W b KpoBM no TeMnepaType 
m TennoBOMy noTOKy, 

Kn - 3KcnepMMeHTanbH0 onpeAenfleMwtf 
6e3pa3MepHbif^ Koa^q^MHMeHT, 

s=d/dt - onepaTop Anq^epeHUMpoBaHMJi, 

T Tn - SKcnepMMeHTanbHO onpeAenneMafl 
45 nocTORHHan BpeMeHM nepexoAHoro npoi^ecca. 

ripeAno)KeHHbiM cnoco6 noATBep>KAeH 
npMMepaMM. 

flpMMep 1. npOBOAMnMCb M3MOpeHMR 

TeMnepaTypw m TennoBoro noTOKa HaA 
^ nosepxHocTHofi BeHoft ronoBW v.jugularis 
externa m c Mcnonb30BaHMBM (JjyHio^MOHanbHoro 
anropMTMa BbiMMcnanacb KOHi^eHTpai^Ma 
rntoK03w b kdobm y oonbHoro A. naparuienbHO 

npOBOAMnMCb M3MepeHM« KOHl^eHTpai^MM 

mK0KO3W kdobm y 3Toro 6onbHoro A^aoeTOM 
55 MHB33MBHWM npMSopoM ONE TOUCH. B HaMane 

ceaHca M3MepeHMii McnwTyeMWM noo6eAan. 

Pe3ynbTaTw M3MepeHMM m pacMeTa npHBefleHW b 

Ta6nnqe 1. 

nonyMeHHoe BpeMH 

onepe>KeHM« x paBHWiocb 10 MMHyraM. V\z 
60 cpaBHeHMR pe3ynbTaTOB M3MepeHMfi 

KOHi^eHTpai^MM rnK)K03W kdobm, onpeAeneHHbix 

npeAnO>KeHHWM Cn0C060M M MHBa3MBHWM 

MeTOAOM, bmaho, mto ohm OTnMMaKDTcn He 6onee 
MeM Ha 10%. 

ripMMep 2. riDOBOAMnMCb M3MepeHMfl 

TeMnepaTypw m TennoBoro noTOKa HaA 



noeepxHocTHoii BeHofi ronoBW v.jugutaris 
externa m c ncnonb30BaHweM 4>yHKMMOHanbHoro 
anropwTMa BWHMcn*nacb KOHijeHTpauMfl 
mi0KO3bi b KpoBH y naijMeHTa 6, He CTpaflafou^ero 
Aua6eTOM. riapa/inenbHO npoBOflnnncb 
MSMepeHMfl KOHL;eHTpai4MM rniOKosw kpobm y 
3Toro nai^Mema MHBa3MBHWM npMobpOM ONE 
TOUCH. B Hanane ceaHca M3MepeHMM 
McnbiTyewbtM Bbinun ciaicaH cnaAKoro Man. 
Pe3y/ibTaTbi M3MepeHMM n pacneTa npMBeAeHW b 
ia6mi\e 2. 

BpeMn onepeweHMH t paBHHnocb 14 
MMHyrawi. \A3 cpaBHeHMfl peaynbTaTOB 

MSMepeHWft koh i^e HTpai^M M miOK03W KDOBM , 

onpeAeneHHbix npeAnoweHHWM MeTOflOM m 

HHBa3HBHblM M6TQAOM, BUflHO, MTO OHM 

OTAMMaioTca He 6onee MeM na 10%. 

nonyneHHbie naMH 3KcnepMMeHTanbHbie 
AaHHbie no3BO/innn npeAnowMTb cnoco6 
ynpeJKAarameM cnrHann3ai4Mn 06 onacHbix 
coctohhmhx mK>K03Horo o6MeHa, 

npMHLJMniianbHO OTnMHaKXHMMCfl OT M3BeCTHWX 

no noKajiM3ai^MM 3oh M3MepeHua n anropMTMy 
nepecneTa M3MepeHHbix TeMnepaTypw m 
TennoBoro noTOKa b KOHi^eHTpai^nK) rniOKosbi b 

KDOBM, no KOHCTpyKlJMM yCTDOMCTBa M 

AOCiwaeMOMy pe3ynbTaTy. 

Ha <£mf\ 2 npeACTaBJieHa cxeMa ycrpoMCTBa 
Ana peanvwamiw npeAnaraeMoro cnoco6a. 

yCTDOMCTBO COA6p>KMT npy>KMHHWM* 

HaronoBHMK 1 , asthmk TeMnepaTypw m TennoBoro 
noTOKa 2 Ha ocHOBe anivia3HbD( TepMMCTopoB 
TA-1 c TennoBofi M3onni4Meft M3 snacTMHHoro 
MaTepnana neHononnypeTana Ha ynpyrowi 
sneMeHre 3, KOMnbKrrepHWM MOAynb 4 
H3MepnTeribHoro ycrpoMCTBa Ha 6a3e HoyT-6yKa 
"Compad" c A^cnneeM 5 m ycTpoMCTBOM 
3ByKOBOfi cwvuanmauyM 6. 

npyjKMHHbiM HaronoBHMK 1 qbMKCMpyeT AaTHMK 
2 naA noBepxHOCTbio eenw ronoBW, HanpMMep 
v.jugularis externa, KOTopwfl npMJKMMaeTC* m 
qbuKcupyeTcn c tohhoctwo 0,5-2,5 mm ynpyrviM 
3J1GM6HT0M 3. flaTMMK M3M6ppeT TeMnepaTypy M 
TennoBOM noTOK m nepeAaeT pesynbTaTW 

M3MepeHMM B KOMnbfOTepHWM MOAynb 4, KOTOpbIM 

dpopMMpyeT pe3ynbTaTbi H3Mepenn^ KaK 
dpyHiojMM BpeMeHM, pemcTpwpyeT v\x b naMjnn w 
npeo6pa3yeT mx b 3HaMeHMfl TeKymeM m 
nporH03npyeMovi KOHLjeHTpai^nM rnK)K03bi kdobh, 
a Taiwe onpeAenneT BpeMH onepeweHMH t, 
nocpeACTBOM ncnonb30BaHMfl 4>yHKijMOHanbHoro 
anropHTMa n Ha ocHOBe pe3ynbTaTOB 
npeABapnTejibHOM Kann6poBKM, OTpawaeT 
AaHHbie Ha Avowee 5 h dpopMMpyeT SByKosofi 
ynpewAaJOu^nM TonanbHWM* cm man 06 onacHbrx 
cocTOAHMflx rnK)K03Horo o6Mena c noMomwo 
MOAyn» 3ByKOBOM CMrHanM3ai^MM 6. TennoBan 
M3on«i4Mfl M3 anacTMMHoro MaTepnana 3amMiuaer 

AaTMMK OT B03AeMCTBM« BHeujneM cpeAbi M 
yBennHMBaeT TOHHocrb M3MepeHMR ycrpoMCTBO 
Tpe6yeT nepMOAMMecKofi (1-2 pa3a b HeAenra) 

OqeHKM M npM HeOOXOAMMOCTM KOppetCTMDOBKVI 

Kann6poBKM nepconanbHO f\nn KOHKpeTHoro 
nai^neHTa, b pe3ynbTaTe Hero onpeA©nniOT 
3MnM pMMecKMe nonpaBOHHbie K03ctx{)Mi^MeHTbi, 
KOTOpbie BBOAflTCfl B KOMnwoTepHbiR MOAynb 4 M 
yTOHHHJOT HacTpoMKy ycTDOMCTBa ynpejKAaioiAefi 
cnrHanM3ai^MM Ha Tpe6yeMbie ypoBHM ee 
cpa6aTbiBaHMn, cooTBeTCTByioiUMe, HanpMMep, 

3HaHeHMHM KOHL^eHTpaL^MM mK>K03bl B KDOBM 4 

MMonb/n (HM>KHMtf ypoBeHb) m 8 MMonb/n 
(BepxHMM ypoBeHb). Oi^enxy KanM6poBKM 
npOBOAflT nyTeM M3MepeHMfl KOHi^eHTpai^MM 
rnK)K03bi b kdobh naqweHTa KaKMM-nw6o 

MHB33HBHblM miOKOMeTDOM Mepe3 BpeMfl OT 



MOMeHTa cpa6aTbiBaHM« CMrHanM3aL|MM, paBHoe 
onpeAeneHHOMy npn nepBOHananbHofl 
Kann6poBKe BpeMenn ynpe^eHMfl T . 
CBOMCTBeHHOMy opraHM3My aToro naL^weHTa, m 
cpaBHeHHn noKa3aHHoro Ha Ancnnee ycTpowcTBa 

5 3HaMeHMfl KOHl4eHTpai4MH mK5K03W B KDOBM c 

nora3aHMeM MHBa3MBHoro rnroKOMBTpa. 

KoppeKTMpOBKy KanM6DOBKM M HaCTDOMKM 

cMmanM3ai^MM npow3BOA«T b tom cnynae, KorAa 
pasnMHMe noxadaHMM ycrpoMCTBa m MHBa3MBHoro 

10 rnioKOMeTpa npeBbicMT AonycrMMyto BenMHMHy, 
HanpMMep 1 MMonb/n. 

B KanecTBe M3MepMTenbnoro aneMeHTa 
TeMnepaTypw m TennoBoro noTOKa b ycTpo^cTBe, 
peanM3yK>U4eM npeAnaraeMbiM cnoco6, mowot 
6bm> npMMeHeH Z-TepMMCTOp, kotopwm b 

15 OTnMMMe ot NTC-TepMMCTopa o6naAaeT 6onee 

BblCOKOM HyBCTBMTenbHOCTbK) M CnOCO6H0CTbK> 
4>MKCaL^MM HeKOTOpOM 3apaHee Bbl6paHHOM 

TeMnepaTypw pe3KMM M3MeHeHMeM cbomx 
napaMeTpoB, hto AaeT B03MO)KHocTb nonyHMTb 

MHC|X)pMai^MK> O AOCTMWeHMM KOHI^eHTpai^MeM 

20 rmoKOSbt b kdobm onpeAeneHHoro 3apaHee 
BwcTaBnfieMoro noporoBoro ypoBHfl, 3a 
npeAenaMM kotodoto HacTynaeT yrp03a 
3AopoBbfo AaHHoro namneHTa. flpMMeHeHMe 
Z-TepMMCTopa ooecneHMBaeT Taione 
BO3M0)KHOCTb HenocpeACTBeHHoro 
npeo6pa30BaHMn M3MeHeHM» TeMnepaTypw b 
MSMeHeHMj? MacroTw m aMnnMTyAW BbrxoAHoro 
HanpflweHMfl (B.fl. 3otob. Z-TepMMCTopbi, CHIP 
News. T. 1(34), c. 37, 1999). 3to 
cymecTBeHHo ynpomaeT 3neiapoHHy»o cxeMy m 

3 q n03BOn^eT 3HaHMTenbHO CHMSMTb CTOMMOCTb 

HOCMMoro nai^MeHTOM ycTponcTBa. B HaM6onee 

npOCTOM M A eLL,eB °M BapMaHTO BO3MOX0-ia 

BbtAana MH4x)pMaL\MM o aoctmkbhmm pa3nMHHbrx 
ypoBHew KOHL4eHTpai4MM rnK)K03w c noMombto 
3ByKOBbix cMmanoB pa3nMMHOM nacTOTW. 
35 HanpMMep, npM aoctm^hmm KOHi^eHTpai^M eft 
rnK>K03bi kdobm BepxHero AonycTMMoro npeAena 

ee 3HaH6HMM BblAaBTCfl BWCOKOHaCTOTHbIM 

3ByKOBOM CMman, a npM aoctm^hmm HMJKHero 
npeAena - HM3KowacTOTHbiM 3ByKOBOM CMman. 
3to cymecTBeHHO ynpomaeT KOHCTpyKi^iK) 

40 yCTpoftCTBa M A3©T B03MO>KHOCTb nai^MBHTy 

norr/MaTb TeKyiAyio ynpe>KAaK)iAyK) m HcpopM a 14M k> 

O AOCTMJKeHMM K0H14eHTpaL|MeM m>0K03W KpOBM 

Toro MnM MHoro 4>MKCMpOBaHHOrO ypoBHfl c 
\\enb\o npMHRTMR Mep a™ ero M3MeHeHM«. 

npMMeHeHMe b ycTpoficroe Z-TepMMcrapa 
no3BonneT c noMombK) npocTeMLueM cxeMW 
peanM3oeaTb ero paooTy b 

HacroTHO-aMnnMTyAHOM pe>KMMe, to ecTb c 
M3MeHeHMeM TeMnepaTypw m Tennosoro noTOKa 
nponoptiMOHanwHO M3MeHflK)Tcn nacTOTa m 

5q aMnnMTyAa sneKTpMMecKMX MMnynbcoB. 
MyBCTBMTenbHocTb AaTHMKa npM stom 
cymecTBeHHO Bbtuje no cpaBHeHMto c astmmkom, 
Mcnonb3yK)ii^MM NTC-TepMMCTop. Pa6oTa b 
aMnnMTyAHO-qacTOTHOM dbxcmmb no3BonneT 
Mcnonb30BaTb ycMnMTenb nepeMeHHoro toks, mto 

55 AaeT BO3M0>KH0CTb AocTMmyTb nynujero 
cooTHOLueHMn CMman/iiiyM m noBwcwTb 
CTa6MnbHocTb pa6oTW ycrrpoMCTBa, a TaK?Ke 
ynpomaeT MHTep4)eMC nepeAanM AaHHbw b 
KOMnbtoTepnwM MOAynb yCTpOMCTBa. 

riDM npOBOAeHMM COBpeMeHHOM MHTeHCMBHOM 

6° MHcynMHOTepanMM 6onbHoro caxapHWM 
AMa6eTOM npMMeHeHMe npennaraeMoro cnoco6a 
m ynoMflHyroro ycrpoMCTBa b coneTaHMM c 
M3no>KeHHoft motoamkom nepcoHanbHOM 

KanM6pOBKM, ee OLieHKM M KOppeKTMpOBKM 

no3BonMT ocymecTBnHTb HenpepbiBHoe 
cne)KeHMe 3a cocTonHMeM rn»OK03Horo o6MBHa b 
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opraHH3Me 6onbHoro caxapHbiM Ana6eTOM, c 
ynpe^KfleHnew no BpeMeHM cnma^n3npoBaTb 06 

OnaCHblX OTKnOHOHMHX eTO OT HOpMbl, COKpaTHTb 

KonimecTBo 3a6opoB kpobw Ana aHann3a m 
pacxoA AoporocTOfltHMX TecT-nonocoK k 
riiK)KOM6TpaM oonee MeM b 10 pa3 no cpaBHeHWo 
c ncnonb30BaHneM f\r\n Ljeneft wHTeHCMBHoft 
nHcynnHOTepannH . o6bWHbix wHBa3WBHbtx 
rniOKOMeTpoB, KorAa nai^neHT AoroneH 

e>KeAHeBHO npOBOAHTb 5-7 3a60D0B KpOBW M3 

nanbLja c Mcnojib30BaHneM TecT-nonocoK. 

Hcnonb30BaHMe peanw3yK>mero 3aflBneHHbifi 
cnoco6 ycrpoMCTBa no3BonnT ocymecrrBHTb 

HenpepblBHblfi HeHHBa3MBHblfi MOHWTOpMHr 

coctohhmh rnjoK03Horo o6m6H3 6onbHoro 
caxapHWM Ana6eTOM r ynpewAaK>myK> 
cnrHann3ai4nio 06 onacHbix cocToaHHflx 3toto 
o6MeHa npw npocroTe KOHCTpyiajMM ycrpoficTBa, 

HM3K0M CTOMMOCTM erO npOM3BOACTBa M 

aKcmryaTamw, hocmmom naqneHTOM.McnonHeHMM 

M BblCOKMX TeXHMKO-3KCn/iyaTai4MOHHblX 

cBOficTBax TaKoro ycTpowcTBa. 

<J>opMyna M3o6peTeHvm: 

1. Cnoco6 H8MHBa3MBHoro onpeA©neHM« 
KOHqeHTpaqMM rnK)K03bi b kdobh, BKmwa\ou\m 
ncnonb30BaHne M3MepntenbHoro ycTpovicTBa, 

OT/lMMaK)lAMMCJ! TeM, MTO npOBQAHT 
HenpepbiBHbiM MOHMTOpMHr KOHqeHTpaLiMM 
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25 



rnioK03bi b kdobm nyiew M3MepeHMH b o6nacTH 
noBepxHOCTHbix BeH ronoBbi TewinepaTypbi Tena 

M KOHAyKTMBHbDC TeWlOBblX nOTOKOB C nOMOlUbK) 

AaTHMKOB M3MepMTenbHoro ycTpovicTBa, a 
KomjeHTpamtio rnK>K03bi (Xg*) onpeAejiaioT no 
cJx>pMyne Xg = X^+Xz*. rAe X^= W Tn (s)X T \ 
X2*= KnW^sJXn*. rAe X T * - 6espa3MepHoe 
oTKnoHeHne TewinepaTypbi ot ycraHOBMBUjeroc* 
3HaMeHM«, X n * - 6e3pa3MepHoe OTKnoH©HH© 
TermoBoro noTOKa ot ycTaHOBMBiuerocH 
3HaMeHMfl t WTn(s)= 1/(TTns+1) - nepeAaTOHHaa 
4>yHKi^ifl KOHMempamin rntOK03bi b kdobm no 
TeMnepaiype m TeruioBOMy noTOKy, T Tn - 
3KcnepnM6HTanbH0 onpeAenaeMaa nocTOHHHafl 
BpeMeHM nepexoAHoro npouecca, Kp 
3KcnepnMeHTanbH0 onpeAenfleMbifi 
6e3pa3MepHwii KoaqbqbMLjMeHT, s= d/dt - 
onepaTop AwcM^epeHLyipoBaHMfl. 

2. Cnoco6 no n. 1, oTromaK>mn8cfl tbm, hto 
b KaMecTBe a^tmhkob TewinepaTypbi ncnonb3yK>T 

2-TepMHCTOpbl, Koropbie 4>MKCMpy»OT Ha 

noBepxHOCTM ronoBbi c noMou^bio ynpyroro 
snewieHTa m M3onnpyK>T ot BHeiuHetf cpeAbi 
TennoBoft M3oriflmie£i 

3. Cnoco6 no nn. 1 m 2, oTnMHaiotuMMCH Tewi, 
mto cnrHajiM3ai4MK> o KOHuempa^M mK)K03bi 
ocymecTBnFiioT c nowiombfo TOHanbHoro cumana 
m Ancnnew. 
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T- TeMnepaiypa 

G - KOHueHTpamw nnoK03M b kpobh 

M - MeTa6oJiH3M b kjictohhhx o6-beMax ronoBHoro M03ra 

x-BpeMeHHoe cMemeHHe npH nepexo^HBix npoueccax 

Ut- CHrHan ynpaBJieHHa TepMoperyjiHpoBaHHeM 

U y - CHTHaji ynpaBJieHHH nnoK03Hi>iM o6mchom 
<J>hi\1 
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medicine. SUBSTANCE: method involves determining blood 
glucose concentration by means of measuring instrument. 
Continuous blood glucose concentration monitoring is carried out by 
measuring heat flows in the area of head superficial veins by means 
of measuring instrument transducer. Glucose concentration ((X*g)) 
is calculated from a formula X*g = X*1+X*2, where X*1 = WThf(s) 
X*T, X*2 = KhfWThf(s)X*hf„ where X*T - the dimensionless 
temperature from steady state value, X*hf - the dimensionless heat 
flow deviation from steady state value, WThf(s) = 1/(TThf x S+1) is 
the transition function of blood glucose concentration with respect to 
temperature and heat flow, TThf is the experimentally stated 
transient process time constant Khf is the experimentally stated 
dimensionless coefficient, s = d/dt is the differentiation operator. Z- 
thermistors are used as temperature pickups pressed against head 
surface by means of elastic member and insulated from ambient 
space by means of heat insulation members. Glucose concentration 
information is represented by means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 cl, 2 dwg, 2 tbl 
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